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The US military has witnessed an important demographic shift over the past 2 decades as servicewomen have increasingly engaged in combat-related activity (1) . As the current generation of young women takes on a growing role in wartime service, with recent policy changes expanding the role of women in combat (2, 3) , not only are they exposed to unique physical and environmental health risks (4) but many return with trauma-related mental health issues (5, 6) . While female soldiers start at a high level of fitness, little is known about the potential adverse reproductive impacts of military-specific exposures and stressors when deployed-for example, in support of recent conflicts in Afghanistan and Iraq.
Preterm birth (defined as delivery before 37 weeks of gestation) is a critical health outcome, affecting approximately 12% of deliveries in the United States. It is a leading cause of infant morbidity and mortality, and is costly in terms of both medical expense and the burden to mother and family of caring for a premature child (7) . The majority of preterm births are spontaneous (7, 8) . While prediction and prevention remain elusive, the etiology of preterm birth is increasingly understood to be linked to psychological, physical, and environmental stressors, with maternal-fetal impacts varying by time of exposure (7, (9) (10) (11) (12) (13) (14) . Various pathways have been hypothesized, including immunological, vascular, or neuroendocrine alterations triggered by such stressors or via stress-related health behaviors (7, 15) . Given the unique exposures that female soldiers encounter during deployment and return from deployment, it is critical to determine whether there are associated increases in the risk of preterm delivery.
Only a few studies of births taking place among servicewomen during or after active-duty deployment have been done, with generally reassuring results. However, one study was quite small (16) , and the others were conducted a decade ago (17, 18) ; thus, the extant literature is unable to address the contemporary military climate. In a recent report from the Millennium Cohort Study, a study of military personnel, Ippolito et al. (19) found no evidence of increased infertility or miscarriage for deployed servicewomen, but they did not examine live births.
In terms of mental health exposures, prior research carried out within the Department of Veterans Affairs (VA) health-care system showed that posttraumatic stress disorder (PTSD) is both highly prevalent among veterans and a predictor of spontaneous preterm birth (SPB) (6) . However, the VA provides care only after the end of military service and only to a fraction of female veterans (20, 21) . To our knowledge, no studies of PTSD in relation to preterm birth have been conducted among the activeduty component of servicewomen.
Our study aims were therefore to 1) evaluate whether prior deployment(s) and/or recent return from deployment independently predicts SPB and 2) test for an association between PTSD diagnosis and SPB among active-duty soldiers.
METHODS
We performed a retrospective cohort study using the Stanford Military Data Repository, which comprises deidentified medical and administrative data from official Department of Defense sources (see Web Table 1 , available at https://academic.oup. com/aje, for details). The data set included month-level information for all soldiers who were on active duty in the US Army anytime between January 2011 and December 2014. We identified all live births occurring among active-duty women during this period and restricted the analysis to those with a minimum of 12 months of data prior to delivery, to ensure sufficient enlistment and health assessment exposure data.
Primary outcome: spontaneous preterm delivery
We focused on spontaneous (as opposed to medically indicated) preterm births, as they represent the majority of preterm births, are most pertinent to evaluating associations between potential unique deployment-related stressors and premature onset of labor and delivery (15) , and are consistently identifiable in maternal data. We were unable to examine medically indicated preterm deliveries. Our Army data did not have infant records, and there is no specific maternal claims code for indicated preterm birth. Rather, study of indicated preterm birth typically requires direct chart review (22) or linkage to infant birth certificates (23) (24) (25) to determine prematurity, in conjunction with specific maternal procedures (e.g., cesarean delivery or induction of labor) to infer induction prior to term. We identified our primary outcome using International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis code 644.2 ("spontaneous onset of delivery before 37 weeks") from digitally recorded inpatient data.
Primary predictors: deployment and PTSD status
We used longitudinal administrative data from the Defense Manpower Data Center to identify the number and timing of deployments prior to delivery. The Department of Defense's administrative definition of deployment includes, for some soldiers, support of combat operations geographically located outside of the combat theater. We modeled antenatal deployment history with a binary indicator for any prior deployment as well as a categorical variable reflecting number of deployments (0, 1, 2 or ≥3). We also included a categorical variable for recency of return from deployment ("redeployment"), examining thresholds of both ≤6 months and ≤12 months from redeployment to delivery. Delivery within 6 months of redeployment would imply not only perideployment pregnancy but also, with rare exceptions, that conception occurred during deployment. Delivery 6-12 months after redeployment was generally expected to identify women who conceived shortly after returning from deployment.
We identified PTSD with the ICD-9-CM code 309.81 in the health encounter data (inpatient and outpatient, within military facilities or purchased care in civilian facilities). The Army routinely screens for PTSD during primary care. The Primary Care PTSD Screen and follow-on PTSD Checklist used in Army clinics are confirmed to be valid screening measures in active-duty service members (26) . We chose to include all clinician-assigned diagnoses of PTSD as clinically relevant for the detection of adverse reaction to trauma, given that primary care is the first line of screening and is universally and routinely accessed by soldiers, including for annual and predeployment assessments.
We categorized PTSD status with a 3-level categorical variable: "no PTSD," "current PTSD" (diagnosis recorded in the 12 months prior to delivery), or "history of PTSD" (diagnosis recorded in older clinical encounters but not present in encounters 12 months prior to delivery), based on prior evidence (6, 27) indicating that current PTSD is more likely to be related to preterm birth.
Key covariates and potential confounders
Data on all demographic variables came from official military personnel records. We included maternal age at the time of delivery (categorized as 19-21, 22-24, 25-29, 30-34, 35-39, or ≥40 years), marital status (married, never married, or formerly married), and race (white, black, Asian/Pacific islander, Native American, or other/unknown) in all models. Race was self-reported and was included because it is a well-established predictor of preterm birth (7). Information on race was reported as missing or "other" for less than 6% of our cohort. Socioeconomic covariates included attained educational level and military pay grade at the time of delivery. We identified obstetrical risk factors, including nonsingleton gestations, from the obstetrical inpatient data using validated ICD-9-CM codes (28), and we identified multiparity using data on soldiers' claimed dependents as a proxy.
We extracted information on preexisting hypertension and asthma from predelivery medical encounter data; these conditions are reasonably prevalent (>2%) and have been suggested as risk factors for preterm birth (7, (29) (30) (31) (32) . Diabetes was not included, because it frequently precludes military service and was extremely rare in our cohort. Body mass index (weight (kg)/height (m) 2 ) was included and was based on prepregnancy height and weight. Antenatal alcohol use (defined as selfreported use more than 2-3 times per week) and tobacco use were identified from health encounter data, using the last known status reported by the patient prior to the delivery.
Statistical analysis
Using discrete-time logistic regression to adjust for sociodemographic, obstetrical, and health covariates, including PTSD, we created 3 models to evaluate the association of deployment status with SPB. In model 1, we tested the association of number of prior deployments with SPB. In model 2, we tested recency of return from deployment at the time of delivery. In model 3, we tested the joint effects of prior deployment and recency of last deployment with a multilevel predictor variable combing 2 levels of recency of return (≤6 months or >6 months) and 4 levels of number of prior deployments (0, 1, 2, or ≥3).
For our second aim, we examined PTSD's associations with SPB in all of the above-described models. We also utilized a fourth model that did not adjust for deployment (model 4) and compared the findings for PTSD with those in models 1-3 to determine whether there was any evidence of an association with PTSD being attenuated by adjustment for deployment.
Post hoc, we performed descriptive analysis of the subpopulation identified as being at highest risk, namely those delivering ≤6 months after return, comparing them with women who had longer postdeployment intervals before delivery.
In a set of sensitivity analyses, we first tested how the odds ratio for deployment status varied when using a 12-month (instead of 6-month) threshold for "recent return" in model 3. We also tested whether excluding PTSD as a predictor in models 1-3 affected the odds ratio for deployment status, given that PTSD is hypothetically on the causal pathway through which deployment could affect preterm delivery. We also reran the analyses in our main model on the subpopulation of singleton pregnancies-that is, excluding twins/higher-order births-to see whether the associations of interest were sustained in a population at lower overall risk of preterm birth. Finally, we ran the analysis only on the subpopulation of women with any prior deployment to eliminate concern about possible systematic differences (16) between women who have deployed and those who have not. For this subcohort, we additionally included a binary variable for deployment location denoting whether a soldier's most recent deployment was to Iraq/Afghanistan (as a proxy for risk of direct exposure to combat) or another locale (predominantly Kuwait, Qatar, United Arab Emirates, or Kyrgyzstan).
We used Stata MP, version 14.2 (StataCorp LP, College Station, Texas) for all analyses. All reported P values are 2-sided. Regression results are expressed as adjusted odds ratios with 95% confidence intervals.
RESULTS
Among the 12,877 deliveries occurring during active service, the prevalence of SPB was 6.1% (n = 785). Half of all mothers had prior deployment, and 21% had multiple prior deployments; these percentages were reasonably similar for women with and without SPB ( Table 1) . Of the SPBs, 16.3% occurred among servicewomen who had returned from deployment during the year prior to delivery, versus 13.3% of all other births; 6.4% of SPBs occurred within 6 months of the servicewoman's return from deployment, versus 3.1% of all other births.
Approximately 4% of soldiers delivering during the study period had prior PTSD diagnoses, three-quarters of which were current PTSD diagnoses, and the prevalences were similar for women with and without spontaneous preterm deliveries (Table 1 ). Significant differences in race, hypertension, and multiple gestation were observed among women with and without SPB (all P's < 0.001).
The prevalence of SPB was slightly higher (7.5%) among women with 3 or more prior deployments and was particularly common (11.7%) among soldiers delivering within 6 months after return from deployment (Table 2 ). It was also higher among women with a history of PTSD (9.5%).
Adjusting for all covariates and PTSD status (Table 3) , model 1 suggested a positive stepwise association between number of deployments and SPB (for 1, 2, and ≥3 deployments, adjusted odds ratio (aOR) = 1.1 (95% confidence interval (CI): 0.9, 1.3), aOR = 1.3 (95% CI: 1.0, 1.6), and aOR = 1.4 (95% CI: 1.0, 2.0), respectively; test for trend: P = 0.05), but the elevation in risk was significant only for those with 3 or more deployments. When we modeled the 3 levels of recency of return from deployment (>12 months, 7-12 months, and ≤6 months), only those women returning most recently were at significantly increased risk (aOR = 2.1, 95% CI: 1.5, 2.9) compared with those with no prior deployments (model 2). Combining number of deployments and recency into a joint variable (model 3) demonstrated that repeated prior deployments were not associated with SPB among women with longer intervals between deployment and delivery (aORs ranged from 1.0 to 1.2; all P's ≥ 0.3) but that recent return from deployment (≤6 months from return from deployment to delivery) was consistently associated with increased risk, regardless of number of prior deployments. The findings also indicated systematically higher odds of SPB with increasing numbers of deployments among those servicewomen who had recently returned (for 1, 2, and ≥3 deployments, aOR = 1.6 (95% CI: 1.1, 2.5), aOR = 2.7 (95% CI: 1.5, 4.9), and aOR = 3.8 (95% CI: 1.8, 7.8), respectively). (See Web Table 2 for full model details.)
In all models, regardless of whether we did or did not adjust for deployment history, neither current PTSD nor historical PTSD was predictive of spontaneous preterm delivery (Table 3  and Web Table 3) .
Notably, among the covariates in our fully adjusted regression model, black race (versus white) remained a significant predictor of SPB (aOR = 1.4, 95% CI: 1.2, 1.7) (model 3; see Web Table 2 for full details). Women in the lowest pay grade (junior enlisted ranks) had a similar elevation in odds (aOR = 1.4, 95% CI: 1.0, 1.9). Among health status covariates, only the lowest body mass index category (<20 (underweight)) and history of preexisting hypertension were associated with SPB (aOR = 1.9 (95% CI: 1.0, 3.4) and aOR = 2.4 (95% CI: 1.7, 3.6), respectively).
Post hoc analysis of the 428 soldiers with pregnancies proximate to deployment (delivery ≤6 months after return) showed that 317 (74%) were recorded as having been deployed during the 7th-10th calendar months preceding the month of their delivery, suggesting that conception occurred during deployment for the majority of those individuals (Web Table 4 ). These women were more likely to be in the youngest age categories (45% vs. 17.5% were aged 19-24 years; P < 0.001), to be unmarried, and to have a low pay grade and educational level compared with women whose postdeployment deliveries occurred more than 6 months after redeployment. Notably, they were not significantly different in terms of PTSD prevalence or number of prior deployments.
In the multiple sensitivity analyses we performed (results not shown), the main findings remained robust. Utilizing a 12-month threshold for "recent return" in model 3, we found similar patterns but with attenuated joint effects of recent return and deployment counts, supporting the finding that the association with SPB was most strongly present in women who delivered within 6 months of return. Neither removing adjustment for PTSD nor restricting the analysis to singleton pregnancies materially changed the results. Finally, restricting the analysis to women with any prior deployment (half of our cohort) reconfirmed the association observed in the overall cohort. Additionally, among this subcohort, deployment to Afghanistan/Iraq (as a proxy for likely combat exposure) versus other locales was not itself associated with SPB (aOR = 0.8, 95% CI: 0.7, 1.1).
DISCUSSION
In this analysis of over 12,000 live births taking place among recently serving active-duty female US Army soldiers, we observed that proximity to deployment-but not the simple presence of prior deployment-was associated with an increased risk of SPB. Specifically, pregnancies that probably began during deployment (as indicated by birth within 6 months of return) were twice as likely to end in SPB. The overall rate of SPB we observed in our cohort (6.1%) was slightly lower than that reported in the general US population (8.1%) (calculated using the equivalent approach in the Nationwide Inpatient Sample, a cohort with the same mean age as ours) (33) , which is consistent with the expectation that soldiers represent a healthy, low-risk population. Also, as expected, the SPB rate in our cohort was moderately lower than the total preterm birth rate (spontaneous and medically indicated) of about 7.5% reported in the 2 large cohort studies of servicewomen from the last decade (17, 18) . Thus, it was all the more striking to find this subset of soldiersthose just recently returned from deployment-for whom 11.7% of deliveries were spontaneously premature.
The concerns raised by these findings are heightened in the context of prior research documenting high rates of unintended pregnancy in the military (34) and emerging evidence that the most reliable forms of contraception (long-acting reversible contraceptives) are underutilized in the Army, especially around the time of deployment (35) (36) (37) . Pregnancy presents unique consequences in the military, because pregnant soldiers cannot deploy and pregnancies occurring in-theater result in mandatory evacuation (34) . Such pregnancies incur high costs both financially and in terms of military readiness. Our work now suggests that pregnancy among those just returned from deployment may inflict further hardship (7) in the form of preterm birth. Disparities in the use of effective contraceptives exist for young, lower-ranking e For regression analysis, marital status was treated as categorical: married, never married, or formerly married. f Two racial categories were combined for display purposes only (not analysis) in order to suppress cell sizes with n < 10.
g Data on educational level were missing for 55 participants. h Estimate was based on any children claimed as dependents.
; based on the most recent data available more than 9 months prior to delivery. Data were missing for 453 participants.
j Last known status reported by the patient; based on health encounter reports. k Preexisting hypertension; based on non-pregnancy-related International Classification of Diseases, Ninth Revision, Clinical Modification codes.
servicewomen (35, 36) -the same subpopulation disproportionately represented among the 428 servicewomen we observed to have pregnancies proximate to deployment. The 2-fold risk of SPB we observed in relation to potentially modifiable timing of pregnancy, in an otherwise young and fit Army population with universal access to health care, suggests the need for an increased focus on servicewomen's access to reproductive counseling and the elimination of any barriers to accessing contraception, especially around the time of deployment.
The observed SPBs proximate to deployment were likely due to conceptions that occurred during deployment, including during leave taken near the end of a deployment. However, some women may have deployed with early, unrecognized pregnancies or, alternatively, if the birth was very preterm, may have conceived immediately upon return. In any case, perideployment conceptions are inevitably subject to unique stressors, exposures, and risks, and our findings strongly implicate the period surrounding redeployment as a high-risk interval during which to conceive.
The association of SPB with recent return from deployment seemed especially marked-a 3-fold risk-among women with a history of multiple deployments, suggesting that there may be an additive affect. One plausible interpretation is that with each subsequent redeployment, the stress incurred by transitioning (e.g., from combat back to noncombat life) is magnified and exerts greater stress on the maternal-fetal system. In addition to (or instead of) direct stress effects, our results could indicate that other effects of deployment-for example, sleep deprivation (38, 39)-could have important short-term negative effects on pregnancy. Alternatively, environmental or man-made exposures that soldiers experience in preparation for and/or during deployment-for example, environmental pollutants (13), pesticides (40) , or biological immunizations and prophylactic medications-may have transient adverse effects on pregnancy. However, studies to date of servicewomen exposed to burn pits or smallpox and anthrax vaccination have not demonstrated increased preterm birth risk (18, 41, 42) .
Other deployment-related health factors may be alternative pathways to increased risk. For example, deployed service members may be at increased risk of genitourinary infections due to adverse hygiene and toileting conditions, and they may also be more vulnerable to sexually transmitted infection due to lack of availability or adherence to condom use during deployment (4). Regardless, our reassuring results that multiple deployments do not increase SPB risk in the absence of a recent return from deployment suggest that the increased risk observed among those with recent deployments is not the result of acquired chronic effects of exposures.
Interestingly, we found no indication that PTSD lies on the causal pathway from recent deployment to SPB. Contrary to what was previously demonstrated in a VA cohort, we found no association between active PTSD and preterm birth (6) . The simplest explanation may be that the VA population consists of soldiers seeking health care for problems such as PTSD after discharge from service, and therefore represents a very different study denominator. The selected subset of military personnel cared for by the VA might have more severe or refractory cases of PTSD than do women in the total active-duty population. It is also possible that any true association of PTSD with SPB, should it exist in servicewomen, could have been attenuated by our reliance on ICD-9-CM codes.
Our study had several limitations. First, because we only had access to maternal records, we lacked infant-specific gestational age estimates. This meant that we could not quantify prematurity in terms of severity, nor could we explore associations with the minority of preterm births that are medically indicated, since identifying induced deliveries as preterm requires linking maternal records to detailed gestational age data. However, SPBs (the result of preterm labor or premature preterm rupture of fetal membranes) account for the majority of preterm births in developed countries (7) and were thus an appropriate primary focus.
Moreover, we externally validated our use of ICD-9-CM code 644.2 to identify SPB, examining its accuracy in obstetrical discharge claims linked to birth certificate data in a combined state database (2000-2012; n = 7 million) maintained by the California Office of Statewide Health Planning and Development. We found that the maternal code was a reliable indicator of preterm birth (79.7% specific to <37 weeks of gestation and 88.7% specific to <38 weeks of gestation, as reported on the infant birth certificate) associated with a median gestation of 35 weeks. Likewise, comparing our ICD-9-CM code alone with a complex algorithm (43) developed for the California database to subtype preterm births into the categories 1) "spontaneous," 2) "medically indicated," or 3) "unknown," we found that the maternal code identified subtype 1 with a sensitivity of 89.4% and a specificity of 99.3%. Still, our reliance on this single code to identify SPB inevitably entailed some misclassification. However, we expect that it would have been nondifferential with regards to deployment status; thus, it is plausible that the effect sizes we arrived at were underestimates. Finally, we were unable to capture detailed information on the exact timing of conception in relation to deployment. While pregnancies occurring/detected in-theater, by policy, result in mandatory evacuation (34), we lacked field medical records with which to clarify whether a pregnancy was identified during deployment or to elucidate deployment-related health issues that could contribute to an increased risk of SPB.
In conclusion, conception occurring during or just after return from deployment appears to increase the risk of SPB. Especially given women's growing role in combat, priority should be given to enabling servicewomen to defer conception until after deployment and completion of the postdeployment reintegration transition. Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; PTSD, posttraumatic stress disorder. a ORs were adjusted for demographic (age, race, marital status, Army rank, educational level), obstetrical (multiple gestation, multiparity), and health-status (body mass index, tobacco use, alcohol use, hypertension, asthma) covariates as detailed in Web Table 2. b Modeling deployment count as a predictor. c Modeling deployment recency as a predictor. d Modeling the interaction of deployment count and recency as predictors. e Current PTSD = diagnosis code present in clinical encounters within 1 year prior to delivery; history of PTSD = diagnosis code present in prior clinical encounters, but none within 1 year prior to delivery.
